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METHOD FOR MACHINING MASTER OPTICAL DISK AND MASTERING DEVICE 



(57) A process for a master optical disk of the 
present invention is a process for a master optical disk 
having a physical format in which in a groove-and-pre- 
pits-included rewritable optica! disk, prepits not being on 
spirals identical to those of a groove, for example, pre- 
pits shifted outward and inward by a half-track pitch 
from the groove center, are recorded, wherein an acou- 
stooptic-effect-used optical deflector or a field-optical- 
effect-used optical deflector 101 is disposed on an opti- 
cal path of a mastering apparatus so that a single laser 
beam is deflected. This process makes it possible to 
use a single processing scan to perform laser process- 
ing for a plurality of arbitrary points, for example, the 
center of the groove, and positions shifting inward and 
outward by a half-track pitch from the center. 
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Description 

Technical Field 

[0001] The present invention relates to steps for 5 
processing a master optical disk. In particular, it relates 
to a master-opticaKJisk processing method, a master- 
ing apparatus provided with the function thereof, a mas- 
ter optical disk processed thereby, and optical disks 
produced based on the master disk. 10 

Background Art 

[0002] In order that the use of a single processing 
scan may perform laser processing for a groove and is 
prepits in a physical format in which in a land-and- 
groove-recording rewritable optical medium, the groove 
and a land are switched for each track, and the prepits 
(e g.. prepits shifted outward and inward by a half-track 
pitch from the groove center), which have no track-sec- 20 
tor information on spirals identical to those of the 
groove, are used to enable the reading of the track-sec- 
tor information on the land and the groove by performing 
a single processing scan, at least three laser beams are 
required In other words, they are: (1 ) a laser beam for 25 
processing for the groove; (2) a laser beam for process- 
ing for the prepits shifted outward by a half-track pitch; 
and (3) a laser beam for processing for the prepits 
shifted inward by the same pitch. In addition, processing 
can be performed with two laser beams by setting a 3< 
feed track pitch of a mastering apparatus in processing 
to be half of the track pitch in the physical format 
[0003] The above-described process using at least 
three laser beams to perform laser processing, as the 
background art. has problems in that the optical system s 
of the mastering apparatus is large and complicated, 
and cancellation of laser beam interference is very diffi- 
cult. The process performing laser processing, with a 
feed track pitch in a mastering apparatus set to be half 
of the track pitch in the physical format, has problems in < 
that the processing time is doubled, and a processing 
signal generator is complicated. 
[0004] Accordingly, the present invention is intended 
to solve the foregoing problems, and an object thereof is 
to provide a process that performs easy and efficient • 
laser processing for a groove and prepits on one track 
on a master optical disk by a single processing scan, 
and a mastering apparatus provided with the function of 
the process. 

Disclosure of Invention 

[0005] A process for a master optical disk of the 
present invention has the following construction. 

(1) A process for a master optical disk having a 
physical format in which in a land-and-groove- 
recording rewritable optical medium, a groove and 



a land are switched for each track, and prepits hav- 
ing no track-sector information on spirals identical 
to those of the groove are used to enable the read- 
ing of the track-sector information on the land and 
the groove by performing a single processing scan, 
wherein the prepits for the track-sector information, 
and an optical deflector using acoustooptic effects 
or an optical deflector using field-optical effects, are 
used to perform the optical deflection of a laser 
beam used for processing, and the use of a single 
processing scan performs laser processing for the 
groove and the prepits on one track. 
(2) A process for a master optical disk having not 
only a physical format as set forth in Claim 1 but 
also a physical format in which a groove is wobbled 
at a frequency in a phase identical to that of an 
adjacent track, wherein the process comprises: 
storing a signal for the wobbling as digital data in a 
read-only memory; outputting the digital data in 
synchronization with an original clock signal for 
generating a process-fdr-prepits signal and a proc- 
ess-for-groove signal; applying to an optical deflec- 
tor a composite signal of a wobbling signal 
generated by performing phase correction, and a 
signal for deflecting a laser beam inward and out- 
ward by a half-track pitch from the center of the 
groove; and using optical deflection based on the 
composite signal to perform laser processing for 
the groove and the prepits on one track by a single 
processing scan. 

[0006] In addition, preferred embodiments in which 
the above-described process for a master optical disk is 
applied are shown below. 

(a) A mastering apparatus provided with process 

(1) for a master optical disk. 

(b) A mastering apparatus provided with process 

(2) for a master optical disk. 

(c) A master optical disk processed by using mas- 
tering apparatus (a) or (b), and optical disks manu- 
factured based on the master optical disk. 

Brief Description of the Drawings 

[0007] 

Fig. 1 is a drawing showing optical paths in a proc- 
ess for a master optical disk according to an 
embodiment of the present invention. 
Fig. 2 is a diagram showing one example of control 
when acoustooptic deflector is used. 
Fig. 3 is a chart showing signal waveforms gener- 
ated by an analog-voltage-signal generator. 
Fig. 4 is a chart showing signal waveforms gener- 
ated by a timing-circuit unit. 
Fig. 5 is a diagram showing the structure of a tim- 
ing-circuit unit. 
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Fig. 6 is a chart showing waveforms generated by a 
voltage-frequency converter. 

Reference Numerals 



[0008] 
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acoustooptic deflector 


102, 103: 


wedged cylindrical lenses 


104: 


intermediate lens 


105: 


objective lens 


106: 
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laser beams 


110: 


transducer 
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202: 


timing-circuit unit 
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voltage-frequency con- 
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amplifiers 
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207: 


process-for-groove signal 
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ID1 /ID2-process-for-prepits 
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ID3/ID4-process-for-prepits 




signals 


501: 


delay unit 


502: 


wobble-data ROM 


503: 


original clock signal 


504: 


frequency-dividing-circuit 




unit 


505: 


digital-to-analog converter 


507: 


adder-circuit unit 


601: 


analog voltage signal based 




on central transmission fre- 




quency of acoustooptic 




deflector 


603: 


frequency signal 



Best Mode for Carrying Out the Invention 

[0009] An embodiment of the present invention will be 
described below based on the drawings. 
[001 0] Fig. 1 is a drawing showing optical paths in a 
master optical disk according to the embodiment of the 
present invention. The drawing shows construction in 
which an acoustooptic deflector 101 is used for laser- 
beam deflection for shifting a prepit group: that is. (1) a 
wedged cylindrical lens 102 having both the function of 
providing the acoustooptic deflector 101 with an inci- 
dent angle (Bragg angle) and the function of stopping 
itself down in only the horizontal direction; (2) a wedged 
cylindrical lens 103 for restoring the incident angle of 
and recollimating light having passed through the acou- 
stooptic deflector 101; and (3) a light deflection unit 
including the acoustooptic deflector 101. These compo- 



nents are used to perform laser beam deflection. 
Deflected laser beams 107, 108, and 109, are con- 
verged by an intermediate lens 104 and an objective 
lens 105 so as to form an image on a master glass disk 

5 106. The acoustooptic deflector 101 can control an 
emergent deflection angle by using an acoustic wave 
frequency applied from a transducer 110. Accordingly, 
when an acoustic wave having a central transmission 
frequency of the acoustooptic deflector 101 is applied 

ro from the acoustooptic deflector 101 to its crystals, the 
light deflection unit is adjusted so that the incident angle 
to the acoustooptic deflector 101 is equal to the emer- 
gent angle. Therefore, when the central transmission 
frequency is applied to the acoustooptic deflector 101. 

75 the laser beam 107 travels through its optical path. 
Accordingly, using the laser beam 107 performs laser 
processing for grooves in, for example, a physical for- 
mat (hereinafter referred to as a "first physical format") 
in which a groove and a land are switched for each 

20 track, and prepits having no track-sector information on 
spirals identical to those of the groove are used to ena- 
ble the reading of the track-sector information on the 
land and the groove by performing a single processing 
scan, or a physical format (hereinafter referred to as a 

25 "second physical format") in which the groove is wob- 
bled at a frequency in a phase identical to that of an 
adjacent track. 

[0011] A group of prepits recorded a half-track pitch 
outer in periphery than the center of a groove in the first 

30 physical format or the second physical format is referred 
to, for example, as ID1 or ID2. In the case where a group 
of prepits recorded in the same inner periphery is 
referred to, for example, as ID3 or ID4. by setting the 
acoustic wave frequency applied from the transducer 

35 1 10 to the crystals of the acoustooptic deflector 1 01 so 
as to be higher than the central transmission frequency 
of the acoustooptic deflector 101 , the optical path of the 
laser beam 109 is used. Accordingly, by using the laser 
beam 109, laser processing for ID1 or ID2 recorded out- 

40 ward by a half-track pitch from the groove center is per- 
formed. In addition, by setting the acoustic wave 
frequency from the transducer 1 10 to the crystals of the 
acoustooptic deflector 101 so as to be lower than the 
central transmission frequency of the acoustooptic 

45 deflector 101 , the optical path of the laser "beam 108 is 
used. Therefore, by using the laser beam 108, laser 
processing for ID3 or ID4 recorded inward by a half- 
track pitch from the groove center is performed. Since 
the objective lens 105 is shown with a finite-focus opti- 

so cal system in this embodiment, the intermediate lens 
104 is used, but if the objective lens 105 is an infinite- 
focus optical system, the need for the intermediate lens 
104 is eliminated, and a modification of an optical 
deflection unit including the wedged cylindrical lenses 

55 102 and 103 is particularly not required. If the construc- 
tion of the optical deflection unit is changed to a field- 
optical deflector, only a modification of the control 
method is required, and the above-described function is 



3 

BNSDOCID: <EP 0920000A1 J_> 



5 



EP 0 920 000 A1 



6 



sufficiently achieved. At this time, it is required that an 
incident laser beam on the field optical deflector be col- 
li mated to be adapted for the field optical deflector. 
[0012] Next, the control method is described with ref- 
erence to the drawings. 

[001 3] Fig. 2 is a drawing showing one example of the 
control method obtained when the acoustooptic deflec- 
tor 101 is used as the optical deflector. In order that the 
first physical format may be satisfied, a signal applied to 
the transducer 1 10 is generated by a combination of an 
analog-voltage-signal generator 201, a timing-circuit 
unit 202, a voltage-frequency converter 203, an auto- 
matic frequency controller 204, and an amplifier 205. 
The analog-voltage-signal generator 201 detects each 
of a process-for-groove signal and a process-for-prepit- 
group signal about ID1 or ID2, and ID3 or ID4, and out- 
puts, as a voltage analog signal, the relative position of 
each laser-beam imaging, namely, a laser-beam deflec- 
tion. The timing-circuit unit 202 has the function of 
adjusting the timing of each signal generated by the 
analog-voltage-signal generator 201 in consideration of 
a displacement time required for the acoustooptic 
deflector to perform laser deflection, for example, a 
switching period from process-for-groove signal 303 to 
ID1/ID2-process-for-prepits signal 304, a switching 
period from IDl/ID2-process-for-prepits signal 304 to 
ID3/ID4-process-for-prepits signal 305. a switching 
period from ID3/ID4-process-for-prepits signal 305 to 
groove-processing signal 303, and a delay time until 
sound waves emitted from the transducer 110 interact 
with the laser beam. By using the adjustment function, 
problems are solved in which the trailing end of a groove 
or prepit formed at switching timing for the processing 
signal trails on toward the next shifted groove or prepit, 
and the leading end of a groove or prepit processed at 
the timing trails on toward a groove or prepit formed 
before it is shifted. In addition to the prevention of the 
problems, the timing-circuit unit 202 has the function of 
generating a groove-wobbling signal for satisfying the 
second physical format, in which the groove is wobbled 
at a frequency with a phase identical to that of an adja- 
cent track, and the function of correcting the groove- 
wobbling signal. The voltage-frequency converter 203 
has the function of converting the analog voltage signal 
based on the laser-beam deflection, from the timing -cir- 
cuit unit 202, into a frequency signal based voltage. At 
this time, at the central value of the analog voltage sig- 
nal output from the timing-circuit unit 202, that is, zero 
volts, by adjusting the output signal frequency from the 
voltage-frequency converter 203 so as to be the central 
transmission frequency of the acoustooptic deflector 
101 , control is facilitated. The automatic frequency con- 
troller 204 has the function of suppressing a factor other 
than a laser-beam deflection signal for shifting the pre- 
pits outward or inward by, for example, a half-track pitch, 
such as ID1/ID2 and ID3/ID4, and a signal for wobbling 
the groove at a frequency, that is, the average frequency 
applied to the transducer 1 10 in the acoustooptic deflec- 



tor 101 changes due to a temperature drift, etc., with 
respect to the central frequency of the acoustooptic 
deflector 101. The automatic frequency controller 204 
detects the signal frequency output by the voltage-fre- 

5 quency converter 203, and always performs feedback to 
the voltage-frequency converter 203 so that the average 
frequency of the signal frequency matches the central 
transmission frequency of the acoustooptic deflector 
101. The amplifier 205 has the function of converting 

10 the signal output from the voltage-frequency converter 
203 into a signal level capable of driving the transducer 
1 10 of the acoustooptic deflector 101 . 
[0014] Next, the operations of the analog-voltage-sig- 
nal generator 201 and the voltage-frequency converter 

is 203 are described based on the drawings. 

[001 5] Fig. 3 is a drawing showing analog voltage sig- 
nals 301 and 302, process-for-groove signal 303, 
ID1/ID2-process-for-prepits signal 304, and ID3/ID4- 
process-for-prepits signal 305, which are generated by 

20 the analog-voltage-signal generator 201 for laser-beam 
deflection. When process-for-groove signal 303 is out- 
put, the analog-voltage-signal generator 201 outputs 
stable zero volts. At the same time when process-for- 
groove signal 303 changes into its OFF condition, the 

25 analog-voltage-signal generator 201 outputs, for exam- 
ple, analog- voltage signal 302 non-linearly in the posi- 
tive direction so that the laser beam is shifted a half 
track outer in periphery with respect to the center of the 
groove. Subsequently, ID1/ID2-process-for-prepits sig- 

30 nal 304 is output. After finishing outputting ID1/ID2- 
process-for-prepits signal 304, the analog-voltage-sig- 
nal generator 201 outputs, for example, analog voltage 
signal 302 non-linearly in the negative direction so that 
the laser beam is shifted to be a half-track pitch inner in 

35 periphery with respect to the center of the groove. Sub- 
sequently, ID3/ID4-process-for-prepits signal 305 is out- 
put. After finishing outputting ID3/ID4-process-for- 
prepits signal 305. the analog-voltage-signal generator 

201 outputs stable zero volts again. Subsequently, proc- 
40 ess-for-groove signal 303 is output as a processing sig- 
nal. 

[001 6] Next, the operation of the timing-circuit unit 202 

is described based on the drawings. 

[001 7] Fig. 4 is a drawing showing signal 401 in which 

45 analog voltage signal 302 generated for laser-beam 
deflection by the analog-voltage-signal generator 201 is 
adjusted in timing, signal 402 for wobbling the groove at 
a frequency by using a phase identical to that of an 
adjacent track, and signal 403 in which process-for- 

50 groove signal 303, ID1/ID2-process-for-prepHs signal 
304, and ID3/ID4-process-for-prepits signal 305. are 
adjusted in timing. Fig. 5 is an example of a block dia- 
gram of the timing-circuit unit 202. The timing-circuit unit 

202 includes a delay circuit unit 502 independent for 
55 each signal system so that the timings of the analog 

voltage signals 301 and 302, and process signals 303, 
304, and 305. generated from the analog-voltage-signal 
generator 201. can be adjusted in consideration of the 
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displacement time of the acoustooptic deflector 1 0 1 , the 
switching periods among the process-for-groove signal 
303. ID1/ID2- and ID3/ID4-process-for-prepits signals 
304 and 305, and the delay time until the sound waves 
emitted from the transducer 110 interact with the laser 5 
beam. The storing of wobble data in a wobble-data 
ROM 502 is performed as a means adapted for the sec- 
ond physical format. In order that timing for outputting 
the stored data may have a phase identical to that of an 
adjacent track in processing for the groove, ID1-, ID2-, 10 
ID3-, and ID4-process-for-prepits signals, and original 
clock signal 503, are used to drive a frequency-dividing- 
circuit unit 504. By using an original -clock-signal divid- 
ing signal output from the frequency-dividing -circuit unit 
504 by means of an address bus 509, an address in the 75 
wobble-data ROM 502 is specified. Wobble data 
prestored at the specified address is output to a digital- 
to-analog converter 505 via a data bus 510. A groove- 
rising edge of process signal 403 in which the timing of 
process-for-groove signal 303 is adjusted by the delay 20 
circuit unit 501 is detected by a one-shot circuit unit 506, 
and a pulse signal output thereby presets the fre- 
quency-dividing-circuit unit 504. As a result, address 
zero in the wobble-data ROM 502 is specified. The ana- 
log wobble signal 402 is generated based on the wob- 25 
We-data ROM 502 by the digital-to-analog converter 
505. Thus, the analog wobble signal 402 in which a 
phase with respect to that of an adjacent track is cor- 
rected is output. For example, by setting the data at 
address zero in the wobble-data ROM 402 to start at a 30 
phase of zero degrees, the phase of the groove always 
starts at a phase of zero degrees. The analog wobble 
signal is generated by using an adder-circuit unit 507 
and analog voltage signal 401 in which the timing of 
analog voltage signal 302 is adjusted by the delay circuit 35 
unit 501 , and is converted to have an appropriate output 
level before being output to the voltage-frequency con- 
verter 203. 

[0018] Next, the operation of the voltage-frequency 
converter 203 is described based on the drawing. 40 
[0019] Fig. 6 shows analog voltage signal 602 for 
laser-beam deflection received by the voltage-fre- 
quency converter 203 from the timing-circuit unit 202, 
analog voltage signal 601 representing the central 
transmission frequency of the acoustooptic deflector 45 
101, and frequency signal 603 frequency-converted 
based on analog voltage signal 602. The average fre- 
quency of frequency signal 603 is controlled by the 
automatic frequency controller 204 so as to match the 
central transmission frequency of the acoustooptic so 
deflector 101. By adjusting analog voltage signal 601 
representing the central transmission frequency of the 
acoustooptic deflector 101 to, for example, zero volts, 
an integral value of analog voltage signal 602 for laser- 
beam deflection is zero. Frequency-converted fre- ss 
quency signal 603 is converted by the amplifier 205 so 
as to have a signal level capable of driving the trans- 
ducer 110. As described above, the acoustooptic 
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deflector 101 uses a single deflected laser beam and a 
single processing scan, whereby a groove and a prepit 
group on one track can be formed in the first or second 
physical format. 

[0020] In the case where a field optical deflector is 
used, the need for the function of the voltage-frequency 
converter 203 is eliminated. Instead, byway of example, 
by only connecting, after the timing-circuit unit 202, a 
driver for converting analog voltage signals 401 and 402 
to have a signal level capable of driving the field optical 
deflector, the use of a single laser beam and a single 
processing scan can form a groove and a prepit group 
on one track in the first or second physical format. 
[0021 ] In addition, in the case of a mastering appara- 
tus having two laser beams, by changing the conver- 
gence of the spot diameter of one laser beam, in a 
physical format that includes a groove and prepits being 
in an arbitrary area, which groove and prepits have 
characteristics different from those of the above- 
described groove and prepit groups ID1, ID2, ID3, and 
ID4: for example, characteristics in which appropriate 
features cannot be obtained by only changing the power 
of a processing laser, highly efficient laser processing in 
a single process can be performed without adjusting the 
laser spot diameter whenever the processing area 
changes. 

[0022] The foregoing description relates to an embod- 
iment of the present invention, and does not mean that 
the present invention is limited thereto. 
[0023] As described above, the present invention pro- 
vides a preferable advantage in that the above- 
described first or second physical format can be formed 
by a single laser beam and a single processing scan, 
using laser-beam deflection by an optical deflector with- 
out using a plurality of laser beams. Moreover, by form- 
ing a method of the present invention to be a system in 
a mastering apparatus, a mastering apparatus having 
high efficiency and high productivity, without having a 
complicated, large optical system, can be provided. 

Industrial Applicability 

[0024] A recorder according to the present invention 
is adapted for use as a laser cutting machine. 

Claims 

1. A process for a master optical disk having a physi- 
cal format in which in a land-and-groove-recording 
rewritable optical medium, a groove and a land are 
switched for each track, and prepits having no 
track-sector information on spirals identical to those 
of said groove are used to enable the reading of 
said track-sector information on said land and said 
groove by performing a single processing scan, 
wherein said prepits for said track-sector informa- 
tion, and an optical deflector using acoustooptic 
effects or an optical deflector using field-optical 
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effects, are used to perform the optical deflection of 
a laser beam used for processing, and the use of a 
single processing scan performs laser processing 
for said groove and said prepits on one track. 

5 

2. A mastering apparatus provided with a process for 
a master optical disk according to Claim 1 . 

3. A process for a master optical disk having not only 

a physical format as set forth in Claim 1 but also a 10 
physical format in which a groove is wobbled at a 
frequency in a phase identical to that of an adjacent 
track, wherein said process comprises: storing a 
signal for the wobbling as digital data in a read-only 
memory; outputting said digital data in synchroniza- is 
tion with an original clock signal for generating a 
process-for-prepits signal and a process-for-groove 
signal; applying to an optical deflector a composite 
signal of a wobbling signal generated by performing 
phase conection, and a signal for deflecting a laser 20 
beam inward and outward by a half-track pitch from 
the center of said groove; and using optical deflec- 
tion based on said composite signal to perform 
laser processing for said groove and said prepits on 
one track by a single processing scan. 25 

4. A mastering apparatus provided with a process for 
a master optical disk according to Claim 3. 
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